The recent increase in emerging diseases can be attributed to a number of factors, all of which relate to some form of alteration in the way etiologic agents move around. Some of these factors responsible for altered agent trafficking include actual transport to a susceptible population or new species, environmental disruption that facilitates exchange of microbes, and a husbandry change that promotes new ways for microbes to move around. Given the exponential growth of the human population and all the attendant implications, including the mobility of this population, the ecological disruption that is accompanying the overall increase, and the necessity of exploring new agricultural technologies to feed a burgeoning population, it is a certainty that altered agent trafficking will not only continue but will undoubtedly increase. Veterinarians should be aware of the role they will be expected to play in this field.
In recent years, emerging diseases have been the subject of several scientific forums in human medicine 9, 29, 41 and have captured the fascination of the general public through best-selling books, 19, 24, 48 feature articles in major magazines, 8, 30 television documentaries, and a popular movie. Veterinarians could benefit from having some familiarity with these events because the same factors that portend for an increase in human disease also forecast a similar vision for animal disease. Failure to recognize this potential could result in delayed and inadequate responses and an inability to capitalize on opportunities for protecting or promoting animal health. Also, because most of the emerging diseases of humans are Zoonotic, veterinarians should be playing a pivotal role in characterization and control of these agents.
As defined by Stephen Morse, emerging diseases are "infections that have newly appeared in a population or have existed, but are rapidly increasing in incidence or geographic range" (p. 7) 42 As such, the term encompasses just about any infectious disease that becomes a problem in an area where it was not a problem previously.
The reasons underlying the general increase in emerging diseases are multiple and often overlapping. The consensus is that the emergence of so many new diseases over the last few decades is not accidental but rather can be attributed to a number of factors inherent in a densely populated, highly mobilized, and environmentally disruptive world. 9, 29, 43, 46 Most agree that the factors involved in disease emergence all revolve around some form of altered viral traffic, 40 or the movement of a disease agent to a new population. This From the Department of Pathology, College of Veterinary Medicine, University of Georgia, Athens, GA, 30602-7388.
Received for publication October 16, 1996. infiltration is usually attributed to physical movement of a disease to a susceptible population, crossing a species boundary, a lifestyle change, or some form of environmental disruption. All of these factors also play a role in emerging animal diseases, and here I consider each factor in both a historical framework and as a forecasting factor for the future. Physical movement to a susceptible population has resulted in epidemic scourges throughout history. As a famous example, bubonic plague travelled with nomadic campaigns of the Mongols from Asia into Europe, decimating the population there. 34 Smallpox played a key role in the Spanish conquistadors' ability to vanquish the Aztecs after the Europeans brought this disease to a very susceptible New World population 35 More recently cholera was unleashed onto the western coast of South America when an oceangoing vessel discharged bilge containing the bacterium, which then infected shellfish and generated an outbreak of cholera such as had not been seen in this hemisphere within the last century. 1, 50 In animal diseases, movement to a susceptible population also has a rich historical context beginning with Attila the Hun, Genghis Khan, and Charlemagne spreading rinderpest all over Asia and Europe. 53, 54 In the more recent historical past, over the last 30 years African swine fever has moved all over the world in infected pork products. 36 In 1989, Ebola virus hitchhiked to the USA with cynomologus monkeys (Macaca fascicularis) from the Philippines to cause a devastating outbreak among monkeys at a private quarantine facility in Reston, Virginia. 27 In 1993, foot-and-mouth disease moved to Italy in Croatian cattle. 12 Also in 1993, bovine spongiform encephalopathy (BSE) was discovered in Canada, as a result of on-the-hoof importation. 21 On a more endemic scale, raccoon rabies leapfrogged from Florida to the northeastern USA subsequent to very deliberate transpor-113 tation of animals from Florida to hunting preserves in West Virginia. 51 In the future, movement to a new population is a factor that will continue to play a central role in emerging diseases. The 5.6 billion people in the world and the animals they steward are all interconnected in an intricate and irreversible way. The global village concept ensures that there will continue to be increasing international communication, travel and trade, with all its attendant implications of etiologic agents, detectable or otherwise, moving to new susceptible populations.
The second factor responsible for an increase in emerging diseases is crossing of species boundaries. As agents get into new species, they can cause disease just by virtue of exploiting another species, or there may be some adaptation that allows them to assume a virulent form in that species. In human medicine, there is the very dramatic and devastating example of acquired immune deficiency syndrome (AIDS). Most agree that the causative agent of this disease came from a simian ancestor at some time in the past. 45 In veterinary medicine, there are so many more species and consequently a logarithmically greater potential for emerging diseases resulting from crossing of species boundaries. Canine parvovirus might be the most famous veterinary example. This virus, first seen around the world in 1978, has been subjected to extensive genetic analysis and is presumed to have developed from the virus of another carnivore. 47 BSE, which is a more recent scourge for veterinary medicine, developed when the scrapie agent was allowed access to cattle. 57 This last year, canine distemper has been making headlines because it causes severe disease and death in big cats; an estimated 33% of the lions in the Serengeti ecosystem have succumbed to the effects of this agent, which was probably transferred to the big cats from dogs living at the peripheries of the parks. 3 House finches (Carpodacus mexicanus) up and down the eastern seaboard of the USA are now being affected with an emerging disease, a very severe conjunctivitis that causes such dramatic swelling that the afflicted birds become blind and die. 15 The etiologic agent, Mycoplasma gallsepticum, is common in domestic poultry. The most likely explanation for the recent outbreak of equine morbillivirus in Australia may be that the virus came from some other mammalian reservoir, to emerge in an equine population with a ferocity that has attracted global attention. 56 The subsequent spread to 2 humans underscores the ease with which agents can cross into another species. 44 Looking to the future, crossing species boundaries will be facilitated as crowding increases and more artificial husbandry situations are created. Our zoos and the increasing practice of raising exotic species are providing prime breeding grounds for novel disease emer-gence. Ecotourism will also provide new conduits for cross-species transmission, as humans encroach on niches traditionally occupied only by isolated wildlife species. Vector-borne diseases represent another level of complexity altogether with respect to the movement and emergence of new diseases, in that movement and transmission become less predictable. Aedes albopictus, the Asian tiger mosquito, was imported into the USA in a shipment of discarded tires from Japan in 1985 and has since spread to 21 states and is predicted to spread even further. 22 This pest is an "urban" mosquito, which prefers to breed around areas of human and animal habitation and is also a nonspecific feeder. Studies have indicated that this vector may become a major player in transferring viruses between species and to new localities. 23, 37 The third factor responsible for an increase in emerging diseases in humans is considered to be lifestyle changes. Here, the list could include many of the venereal diseases, AIDS, Lyme disease, and toxic shock syndrome 19, 29 In animal health, the term lifestyle changes could effectively be translated to husbandry changes. There are a number of examples of how changes in the way animals are raised and kept have allowed for altered agent trafficking and emergence of new disease. BSE is an excellent example of how husbandry changes can precipitate the emergence of a new disease. In late 1981, a decision was made to change the solvent extraction procedure for rendered protein fed to cattle, a single decision allowing for the scrapie agent to survive the whole rendering process and gain access to cattle, resulting in the emergence of BSE. 57 Another example would be bovine tuberculosis in captive cervids, which has become a serious and widespread problem, necessitating destruction of large numbers of cervids, elk (Cervus canadensis) in particular, to control the disease. The reason for the more extensive spread among captive cervids is certainly related to their proximity to one another as compared with that of their free-living counterparts, a definite husbandry change. 10 Our zoos provide tremendous potential for emerging diseases by changing the way animals are raised and live. Malignant catarrhal fever is an emerging and reemerging disease problem in many zoos and wildlife collections, simply because of the proximity of various hoofed stock to wildebeest (Connochaetes taurinus) and their calves. 25 Although disease due to Escherichia coli O157:H7 is not by nature a veterinary disease, it is an emerging disease problem that is impacting greatly on the veterinary profession. This agent, first seen in 1982, has since become a major focus for food safety initiatives. The reasons for the disease emergence in the human population may be traceable to husbandry changes, particularly those relating to increasing concentrations of animals. 18 In the future, lifestyle and husbandry changes will be dictated as a natural consequence of an ever-increasing number of people. This burgeoning human population will necessiate the development of ways to accommodate these people physically and to grow more food to feed them. Crowds of humans provide tremendous opportunities for disease transmission, and urban ghettos are especially notorious for creating conditions perfect for emerging disease problems, such as human immunodeficiency virus infection and tuberculosis. 19 In a veterinary parallel, the restriction of animals to more confined and crowded habitats could create the same "ghetto" situation for both domestic and wild animals. Also, with unrelenting population pressures, there will be tremendous leverage on animal producers to devise novel and more effective means of generating animal protein for human consumption, with each modification replete with unknown potential for creation of a new disease. In addition, the raising of exotic species in domestic situations presages the advent of numerous husbandry changes, all rife with unpredictable potential for disease emergence. To add to this list of apocalyptic factors, there is also the problem of increasing antimicrobial resistance. Antibiotic development and usage inevitably leads to selection for resistance, a trait which is then often shared liberally with other organisms. As a result of decades of antibiotic use and misuse, old pathogens are becoming new plagues, with notable examples such as losis and Staphylococcus aureus infections. 31
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The involvement of animals, particularly livestock, will figure prominently in this evolving problem.
The fourth factor inherent in disease emergence is environmental disruption and the alteration of ecosystems, leading to an increase in new diseases. There is a long list of diseases of humans that have been a problem subsequent to agricultural changes leading to environmental alterations that favor disease emergence. Examples include Junin, Machupo, and Oropouche fever viruses in South America, 28, 29 Lassa fever in Africa, 28 and more recently, hantavirus in the USA. 19 From a Zoonotic perspective, Rift Valley fever and Venezuelan equine encephalitis are striking examples of animal (and human) diseases that arise subsequent to accumulations of surface water, from irrigation projects, hydroelectric programs, or flooding, 26, 33, 52 and the resulting large populations of mosquitos. In a more strictly veterinary framework, a major die-off of seals in the North Sea, caused by a newly described seal morbillivirus, may be due to expanding populations and new migratory pathways with subsequent emergence of this disease in new populations. 13 The last few years have seen epizootics of disease in wild bird populations, including velogenic Newcastle disease, duck plague, and avian cholera in overwintering waterfowl populations in various places in North America. 2, 5, 6, 20, 39, 58 Increasing concentrations of waterfowl, due to decreased wetlands availability and/or climatic conditions, facilitate transmission of disease and set the stage for disease emergence. 17 In addition, water pollutants have a number of environment-altering effects and can suppress immune function, facilitating disease emergence. 11, 16 In the future, environmental disruption will undoubtedly accelerate as population pressures continue to escalate. As we encroach on previously undisturbed habitats for food and shelter for all species, there will be more viruses and other agents to deal with. Also, as biodiversity decreases, the ecosystem becomes increasingly compromised, and adaptational shifts will favor microbial movements and emerging diseases.
The role of the laboratory in the creation of emerging diseases should not be ignored. In the summer of 1993, there was a brief scare when Sabía virus, an arenavirus from South America known to cause fatal hemorrhagic disease in humans, was carried out of the high-containment lab, with possibilities of infecting a large population of people. 7 In Australia, an extensive outbreak of viral hemorrhagic disease of rabbits occurred subsequent to its escape from an experimental field trial. 4 The emergence of bluetongue in vaccinated pregnant dogs 14 should serve as a reminder that laboratory manipulations can favor the development of a new disease. We need to keep learning from these incidents and to continue to craft careful guidelines for experimental work.
A positive role of the laboratory lies in the identification of an etiologic agent in previously described syndromes. New tests for the etiologic agent often create the ability to diagnose the condition more readily, resulting in an appearance of a new disease. Examples in human medicine would include the identification of Bartonella henselae as a cause of cat-scratch disease, 49 Helicobacter pylori associated with gastric ulcer, 29 and hepatitis C as a major cause of non-A, non-B hepatitis. 29 In veterinary medicine, perhaps the most notable example in this category would include the development of immunohistochemical techniques for diagnosis of Neospora infection in aborting cattle. 32 In summary, human and veterinary medicine have been confronted with a large number of emerging disease problems in the recent past. The factors responsible, most of which are basically related to increased agent trafficking, are not likely to decrease as the world becomes more crowded, the environment becomes more disrupted, and new ways to raise and keep animals in our global village are explored. Veterinarians should strive to understand the mechanisms responsible for emerging diseases. Our profession will be called upon to deal with those diseases that affect all nonhuman species and will also be expected to provide expertise with the Zoonotic diseases. With our strong training in comparative medicine, veterinarians have a tremendous opportunity to take the lead in this field 20. and to demonstrate to the greater scientific community the contribution we can make. 21.
